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ABSTRACT 
Direct recycling process is a simple method because it only consumed a small amount of 
energy and no harmful effect on the environment compare to the conventional recycling 
process in which involved re-melting the chips to produces secondary materials, the aims 
of this project is to investigate the influence on different shape and size of AA6061 and 
AA7075 chips as secondary materials billet using cold compaction process. Different 
type of chip was cut by various turning parameter on CNC turning machine. Turning 
chips from aluminium alloys were cold compacted in a closed cylindrical die by means of 
Universal Testing Machine (UTM). Several pre-compacting are needed due to low filling 
density of chip inside the die cavity at once. The compacted billets are analyzed base on 
their density, porosity percentage and structure by using manual calculation. Results show 
that the different shape and size of the chips influence the final compacted billets 
integrity. Smaller the thickness of the chip, the higher the resulting density after the 
compaction process in which increasing the number of compacting for each operation 
leading to differences in the volume. The lower the relative density percentage shows the 
poor quality of their solidification. At the same time, the higher the thickness of the chip, 
the higher the percentage of the resulting porosity and more empty space formed between 
the compressed chip's structures. As a conclusion, the depth of cut plays an important 
role in producing the desired chip thickness where the spindle speed and feed rate lead to 
the length of the chips. Furthermore, the chip's thickness influenced the density of 
compacted billets and they have different volume due to differ number of compacting. 
The number of compacting for each type of chips affected the density of the compacted 
billets where the relative density shows the quality of the compacted specimens. Last but 
not least, the porosity percentage shows the empty space between the chips occur on the 
structure of the compacted billets.
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ABSTRAK 
Proses kitar semula langsung adalah kaedah yang mudah kerana ia hanya menggunakan 
sedikit tenaga dan tidak memberi kesan buruk kepada alarn sekitar berbanding dengan 
proses kitar semula konvensional yang melibatkan melebur semula cip untuk 
menghasilkan bahan-bahan menengah. Matlamat projek mi adalah untuk menyiasat 
pengaruh pada bentuk dan saiz yang berbeza pada cip AA6061 dan AA7075 untuk 
dijadikan bahan menengah bilet menggunakan proses pemadatan sejuk. Cip yang 
berlainan jenis telah dipotong oleh pelbagai parameter turning pada mesin CNC turning. 
Turning cip daripada aloi aluminium adalah disejuk padatkan di dalam acuan silinder 
tertutup melalui Universal Testing Machine (UTM). Beberapa pra-memadat diperlukan 
disebabkan kepadatan mengisi rendah oleh cip ke dalam rongga mati sekaligus. Bilet 
yang dipadatkan dianalisis berdasarkan kepadatan, keliangan peratusan dan struktur 
mereka dengan menggunakan pengiraan manual. Kesimpulannya, bentuk dan saiz yang 
berbeza menjejaskan integriti bilet yang dipadatkan. Semakin kecil ketebalan cip, 
semakin tinggi ketumpatan yang terhasil selepas proses pemadatan di mana 
meningkatkan bilangan memadat bagi setiap operasi yang membawa kepada perbezaan 
isipadu setiap bilet. Peratusan relative ketumpatan yang rendah menunjukkan bilet yang 
dipadatkan mempunyai kualiti pemejalan yang rendah. Pada masa yang sama, lebih tinggi 
ketebalan cip, lebih tinggi peratusan keliangan yang terhasil dan lebih banyak ruang 
kosong yang terbentuk antara struktur cip mampat itu. Kesimpulannya, kedalaman 
potongan memainkan peranan penting dalam menghasilkan ketebalan cip yang 
dikehendaki di mana kelajuan gelendong dan kadar suapan membawa kepada panjang 
cip. Tambahan pula, ketebalan cip mempengaruhi ketumpatan bilet dipadatkan dan 
mereka mempunyai jumlah yang berbeza kerana perbezaan bilangan memadat. Bilangan 
memadat bagi setiap jenis cip mempengaruhi ketumpatan bilet dipadatkan manakala 
ketumpatan relatif menunjukkan kualiti spesimen yang dipadatkan. Akhir sekali, 
peratusan keliangan menunjukican ruang kosong antara cip berlaku pada struktur bilet 
dipadatkan.
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CHAPTER 1 
INTRODUCTION 
1.1 PROJECT BACKGROUND 
In recent decades, materials and energy usage by the industry is likely to have 
experienced growth may exceed the limits of earth's resources. Therefore, the emergences 
of strong awareness for use of materials and energy more efficiently and orderly. In 
sustained the environment needs to take into consideration of the requirement for 
manufacturing practices where it becomes urgent and different approaches are adopted in 
various countries (Kaebemick and Kara, 2006). Aluminium is one of very important 
consumption materials that use by the industries and the reusable resource among other 
metals due to its physical characteristics that make the aluminium recycling economically 
attractive. Aluminium finds extensive use in automotive industry, construction, 
packaging and aerospace. All aluminium can be recycled repeatedly and melted without 
down-cycling and property losses. Recycling the aluminium saves a huge amount of 
energy and generally, eliminates the environmental damage advocated with aluminium 
mining and increasing the energy usage (Schlesinger, 2006). 
In the United States, the primary aluminium production in 2004 is equal to 2.52 
million metric tons. The recovering of secondary aluminium is equal to 3.03 million 
metric tons, with 1.16 million metric tons from old scrap (38%) and 1.87 million metric 
tons (62%) from new scrap. As a result, approximately 55% of total domestic production 
of aluminium in 2004 came from recovery of scrap; while 45% came from primary 
production of new ore (Gelles, 2006). As for China, this country is a major participant in 
global aluminium trade where it's accounted 40% of the total net increase in world 
aluminium production between years 1995 to 2002, and the first quarters of 2003 the
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same figure was 60%. This is due to the strong economic growth in China's economy. 
The rate for China's scrap recycling approximately 80%, but this still accounts only 25% 
of scrap demand. Low labor cost in China also contributed to the economic scrap 
separation (Bergsdal, Stromman and Hertwich, 2004). 
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Figure 1.1: The regional of bauxite, alumina, primary and primary recycled aluminium, 2007 
Source: Global Aluminium Recycling, 2009 
There are many countries that already have industrial recycling facilities but 
recycling plays a particularly leading lead in Europe, North America and Japan. Figure 
1.1 shows the regional of bauxite, alumina, primary and primary recycled aluminium in 
2007. Refiners produced close to 18 million tones of recycled aluminium in 2007. 
Compared to primary aluminium produced in same year, I excess 38 million tonnes of 
recycled aluminium have been produced (Global Aluminium Recycling, 2009). 
Nowadays, recyclability of aluminium became the most economical saving and 
save the energy as well. Its contribution to environmentally friendly by reducing waste 
disposal is beneficial compared with processing of aluminium from its bauxite ore, while 
reducing capital equipment that used in recycling process which is less expensive. 
Industrial field used many type of method to eliminate their chips waste in order to 
reduced energy and materials consumption. Gaseous that emits from conventional 
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recycling causes greenhouse effect during chips remelting. Widely used in the production 
market makes the demand for aluminum products increased from time to time, 
particularly in the transportation, machinery and equipment, bulding and construction and 
many more. In order to reduce the energy consumption by the primary aluminium 
production and carbon dioxide emissions into the air, a study will be conducted to 
determine the condition of recycled aluminium product using direct recycling process at 
the end of this research. 
1.2 PROBLEM STATEMENT 
When machining metal products, many of waste generated during the process in 
which producing a small size of chips and surface contamination with oxides and 
lubricant oil from the manufacturing industry. These kinds of chips are difficult to recycle 
because they are not uniformly shape and the size is small compared with other scrap. In 
traditional ways, aluminium scrap melted using conventional method that usually utilized 
much of energy and emitted hazardous gases into Earth's atmosphere. During melt the 
chips, oxidation result from the loss of a lot of metal and their characteristic makes them 
inconvenient for handling and transportation due to the low density of the chips. Without 
a proper disposal, these chips will cause both environmental and economic issues. In 
order to overcome this problem, a review of the current recycling processes by using 
direct recycling method needs to be investigated where this project will covers on the 
compaction process aiming to compacting different sizes of chip into solid form as 
secondary aluminium. 
1.3 PROJECT OBJECTIVE 
The main objectives for aluminium chip waste for secondary materials using direct 
recycling process are: 
i) To investigate the influence on different type of aluminium alloy (AA6061 and 
AA7075) chip shape and sizes as secondary materials of billet using cold 
compaction process.
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ii) To design, fabricate and test the die device for cold compaction operation of 
machining chip recycles. 
iii) To perform the analysis focuses on the density, porosity percentage, and the 
structure of the final products 
1.4 PROJECT SCOPE 
This project is focusing on direct recycling process of aluminium machining chips as 
secondary materials using a compaction method. 
i) Literature review on direct recycling process of aluminium chips 
ii) Production of aluminium chips on CNC lathe machine by turning operation. Two 
type of aluminium alloy billet (AA6061 and A7075) with three different 
parameters are involved in this experiment. 
iii) Design and fabrication of the die device for compaction operation. 
iv) Perform the compaction operation and analyze the final products using calculation 
for density, porosity percentage and their structure. 
v) Preparation of final report. 
1.5 SUMMARY 
This chapter discussed briefly about project background, problem statements, 
project objectives and scope of the project on aluminium chip waste as secondary 
materials using direct recycling process. Figure 1.2 shows the flow chart of the project 
that related with project scopes on how the project flow can be done at the right time. The 
duration of this project takes about 14 weeks for the final year project 1 and can refer to 
Appendix Al. This chapter acts as a guideline for the project completion.
START 
Problem statement, project's 
objective and scope of the 
I	 Literature Review	 I
Establish methodology of the project 
I	 Design of die design	 I 
I Chips production I 
I Fabrication & testing the die device 
I Perform the experiment I 
Final
products 
YES 
The density and porosity 
percentage of the final
products 
I	 Data collection	 I 
I Results and discussions I 
Final report	 I 
END 
NO
Figure 1.2: Flow Chart of the project
CHAPTER 2 
LITERATURE REVIEW 
2.1 INTRODUCTION 
Aluminium is the most commonly used metal after iron and the third most 
common element in the Earth's crust as a chemical element with weight of about 8% 
(Pepeljak et al., 2011). Aluminium is a silver-white metal with many important properties 
that produced from its bauxite ore. Bauxite is the term for a rock composed by aluminum 
oxide hydrate which is the main ore of alumina to produce aluminium (Mineral 
Information Institute). Because of the low density of aluminium (2.71 g/cm) which 
makes it remarkable metals for its ability to resist corrosion due to the passivation and 
strong mechanical properties. Although pure aluminum is soft and brittle, but it can be 
strengthened by adding a small amounts of copper, magnesium and silicon to make the 
composition of alloy materials. Compared with other metals, aluminium surface is very 
sensitive and easy to scratch or abrasions when colliding with the surface of other 
materials. 
2.2 ALUMINIUM ALLOY 
Aluminium alloy used widely in engineering design due to their lightweight 
characteristic and high strength-to-weight ratio as well as corrosion resistance and 
relatively low cost materials. The term of alloy is used when one or more elements mixed 
together and change the nature of existing properties with a sufficient quantity. Pure 
aluminium is soft so to overconij this alloying elements are implementing. Aluminum 
alloys are classified as casting alloy or wrought alloys. The most used alloy elements for
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aluminium are copper, magnesium, silicon, manganese and zinc (Budynas and Nisbett, 
2011).
The wrought products that mostly use in aluminium alloys contain less than seven 
percent of alloying elements. There are two categories of alloys namely non-heat 
treatable and heat treatable. For the non-heat treatable alloys, it cannot be strengthened by 
heat treatment because they are ductile and moderately strong and depends on alloying 
elements concentration. The different circumstances for heat-treatable alloys where they 
can be hardened by heat treatment and uses an alloying element that dissolves in the 
aluminium. Table 2.1 shows the designation of wrought aluminium and aluminium alloy 
in order to provides a standard form of alloy identification for user. 
Table 2.1: Wrought Aluminium and Aluminium Alloy designation 
Alloy Main Alloying Element 
1000 Mostly pure aluminum; no major alloying conditions 
2000 Cooper 
3000 Manganese 
4000 Silicon 
5000 Magnesium 
6000 Magnesium and silicon 
7000 Zinc 
8000 Other elements (e.g., iron or tin) 
9000 Unassigned
Source: Kaufman (2002) 
6000 series is one of the wrought aluminium alloys designation family. This 
group consists of Magnesium (Mg) and Silicon (Si) as the major alloying elements. 
Minor alloying elements may be added such as Copper (Cu), manganese (Mn), chromium 
(Cr), zinc (Zn), boron (B), lead (Pb) and bismuth (Bi) to this alloy series. Through the 
presence of the main alloying elements, this series are high strength alloys that can be 
strengthened by heat treatment (precipitation hardening). This alloy system gives the best 
combination of high strength, formability, corrosion resistance, weldability, 
machinability and heat treatable. Based on their strength, 6000 series have been used 
widely in automotive, marine, heating and also as a structural part in building 
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applications (Aluminium Matter UK). Alloy 6061 extrusion and plate is the most 
commonly used in the industrial sector due to its versatility of heat treatable aluminium 
alloy and less expensive. Furthermore, it has a good quality of aluminium and offers a 
range of good mechanical properties as well good corrosion resistance. Even in the 
annealed condition, it has good workability and can be fabricated by most of the 
commonly used techniques (Aircraft Spruce and Speciality.Co). 
The major alloying element for 7000 series is zinc (Zn). Its characteristics are heat 
treatable and provide the higher strengths of all aluminium alloys particularly among the 
Al-Zn-Mg-CU version. In commercial processes, these alloys are not considerable as 
weldable and mostly used in riveted construction. Although, the 7000 series cannot resist 
corrosion as good as 5000 and 6000 alloy, so in such service they are usually coated for 
sheet and plate. There are widely used in aircraft application due to fracture-critical 
design concept have provided the impetus for the high toughness development (Kaufman, 
2002). Alloy 7075 is one of the highest strength aluminium alloys available and its 
strength-to-weight ratio is excellent. It is ideally used for highly stressed parts. 
2.2.1 Aluminium Chips 
Chips are formed by metal shearing by cutting edge tool in upstream area where it 
is located on both sides of the plane and makes an angle p with the direction of cutting 
(Aluminium.matter.org.uk). There are several type of chips produced in metal cutting 
such as discontinuous chip produced at low speeds and rake angles, continuous chip with 
narrow primary shear zone, secondary shear zone at chip-tool interface, continuous chip 
with BUE, continuous chip with large primary shear zone and segmented chip 
(Kalpakjian, 2006). Table 2.2 shows clearly illustration of chips formation during 
machining operation. 
In a study by Puga et al. (2009), most of the aluminium chips are produced by 
machining operations usually 35% of the casting weight. Chips are the most difficult to 
recycle among other aluminium scrap by conventional method due to their irregular 
elongated shape, spiral shape and small size compare to other forms of scrap. This 
characteristic makes them not suitable for preliminary and hot extrusion (Gronostaj ski et 
al., 1998). The density of the chips obviously low makes them not good for handling and
transportation besides covered with oxides and machining oil. Their surface area is very 
high to volume ratio because the oxide on the chips is dependent on the total surface area. 
The formation of a new oxide skin during melting phase has a significant influence on 
metal losses. Skin formed during melting can contain up to 95% metal and requires 
further process need to be done in order recovering the metal from it (Gronostaj ski and 
Matuszak, 1999). Tekkaya et al. (2009) used uncoated cemented carbide indexable 
turning inserts and side milling cutter to produce the chips without a cutting fluid (Figure 
2.1).
Table 2.2: Illustration of chips formation during machining operation 
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Figure 2.1: Aluminium chips production by machining operation. (a) Turning (b) Milling 
Source: Tekkaya et al. (2009) 
Chip form also plays an important role in order for experiments performed 
smoothly. Rubio et al. (2006) studied on chip arrangement in the dry cutting of 
aluminium alloys. The research's aim is to make a first analysis of the chip formed in the 
dry turning process of AA2021 (Al-Cu) and AA7075 (Al-Zn) aluminium alloys, the 
approach consisted of proving a series of parameters combinations: feed rate, f, cutting 
speed, v, and depth of cut, d, also analyzing the different types of chip appered during 
each one of them. They proposed a single classification that specific for the studied 
alloys. Furthermore, the relationship between chip arrangement and workpiece surface 
finish has been studied through the comparison between chip form and roughness overall, 
Ra parameter for different cutting conditions. 
Figure 2.2 shows the classification of chips produced to meet the requirements of 
ISO 3685:1993. The ISO 3685 standards is stand for tool-life testing for single-point 
turning tools. The chip type is divided into two parts; favourable and unfavourable chips. 
The relationship between chip arrangement and workpiece surface has been studied 
through the comparison between: chip form and Ra parameter for different cutting 
conditions. As a result, they are seven types of chip which are ribbon chips, tubular chips, 
spiral chips, washer type chips, conical helical chips, arc chips and natural broken chips.
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Figure 2.2: Chip form classification

Source: Rubio et al. (2006) 
2.2.2 Secondary Aluminium 
Nowadays, the importance of secondary aluminium stream is becoming 
increasingly important from the aluminium production and is attractive due to its 
economic and environmental advantages (Cui et al., 2010). Secondary aluminium is 
Produced from scrap containing aluminium depending on operation processes through the 
recycling process. Scrap containing aluminium can be described into two categories as 
new and old scrap (Luo and Surio, 2007). New scrap is the surplus material removed 
during machining operations while old scrap is the waste material that has high 
aluminium content such as beverage can, automotive parts, electrical appliances, 
Construction materials and many more. 
Pepeinjak et al. (2012) studied on recycling of AlMgSil aluminium chips by cold 
compaction They discovered several pre-compressions are needed due to low initial 
relative density of the chips. Chips with smallest volume required more pre-compacting 
I  
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process. However, the quality of compactness remains an issue even though all chips 
types reached sufficient densities and integrity after cold compaction. Figure 2.3 shows 
low integrity of compacted specimens due to insufficient load force for current study. 
Figure 2.3: Compressed aluminium chips 
Source: Pepeinjak et al. (2012) 
2.3 MECHANICAL PROCESSING METHOD 
Turning means that the part is rotated while it is being machined. The material 
used is generally a workpiece that have been made by other processes such as casting, 
forging, extrusion, drawing or powder metallurgy. Turning process is carried out on a 
lathe machines which very versatile and capable of producing a wide variety of shapes. 
Figure 2.4 (a) shows the schematic illustration of basic operation for turning process 
showing the depth of cut, d; feed, j and spindle rotational speed, N in rev/mm. Cutting 
speed is the surface speed of the workpiece at the tool tip. 
Most turning operation involve in using the simple single-point cutting tools, with 
the geometry of a typical right-hand cutting tool. Right-hand means that the tool is travels 
from right to left. Such tools are described by a standardized nomenclature as been seen 
through the figure. There are three principal forces in turning that acting on a cutting tool 
is shown in Figure 2.4 (b). In designing the machine tools, these forces are important as 
well as in deflection of tools and workpieces for precision-machining operations. The 
machine tool must be able to withstand these forces without causing significant 
deflections, vibrations and chatter in the overall operation (Kalpakjian, 2006). Spacer 
between the part and mounting prevent marks on the metal and deformation.
13 
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Figure 2.4: (a) Schematic illustration of the basic turning operation. (b) Forces acting on 
a cutting tool in turning. 
Source: Kalpakjian, 2006 
2.4 PRODUCTION OF PRIMARY ALUMINIUM 
Aluminium was first produced in 1825 in which primary aluminium is aluminium 
metal produced from its bauxite ore. Basically, there are five independent stages in 
producing primary aluminium: mining the primary of bauxite, production of alumina 
(Al203), production of primary aluminium, fabrication of aluminium and production of 
aluminium into finishing product. The suitable portion of bauxite in order to produced 
aluminium generally contains at least 50% of aluminium. The largest bauxite deposits 
with the density of aluminium are found in Arkansas, United States (Plunkert, 2000). 
Gelles (2006) has presented on aluminium economics recycling. In 1989, Karl 
Joseph Bayer developed a process to treated the crushed bauxite where treatment at the 
mining site is minimal that usually confined to crushing and drying. This process is 
invented because most bauxite are found in deposits close to the surface and mined in 
open pits. Primary melting is using the electrolytic Hall-Heroult process to converted-
alumina and then shipped to a reduction plant. In producing a pound of pure aluminium 
metal, needed two pounds of alumina, small amount of carbon and cryolite and 
approximately 10, 000 watt-hours of electricity are required. Figure 2.5 shows a strong 
increasing trend for alumina and aluminium production since the 50s.
